Abstract. The protective role of fibrinogen-like-protein 1 (FGL1) in liver injury has been reported previously. However, there are few studies on FGL1 expression in gastric cancer (GC) tissues, and the role of FGL1 in GC remains unclear. The aim of the present study was to investigate the correlation between FGL1 expression and prognosis in GC patients. Data was downloaded from The Cancer Genome Atlas database, and 50 pairs of GC tissues and the corresponding non-tumor tissues were collected between 2008 to 2011. Furthermore, FGL1 expression was silenced in order to explore its role in SGC-7901 cell proliferation, invasion and migration using Cell Counting Kit-8, wound healing, Transwell invasion and migration assays, respectively. Finally, whether FGL1 is involved in epithelial-mesenchymal transition (EMT) regulation in SGC-7901 cells was determined by western blotting. The results revealed that FGL1 expression was upregulated in GC tissues, and the overall survival time of GC patients with high FGL1 expression levels was markedly shorter than that of GC patients with low FGL1 expression levels (P= 0.005). In addition, silencing FGL1 significantly inhibited SGC-7901 cell proliferation, invasion and migration in vitro. Finally, western blot analyses indicated that knockdown of FGL1 markedly increased E-cadherin expression levels (P<0.01), and significantly decreased N-cadherin (P<0.01) and vimentin expression levels (P<0.01), thereby suggesting that FGL1 may promote EMT. These results indicated that FGL1 has the potential to be a predictor in GC patients as well as a target for the treatment of GC.
Introduction
Great progress has been made in the study of cancer including the mechanism of cancer, drug discovery and therapeutic modes, during the past 10 years (1). However, gastric cancer (GC) is one of the most common malignancies (2, 3) , and the 5-year survival rate of GC patients remains very low (4) . Since GC patients are often diagnosed at an advanced stage and because malignant proliferation, as well as lymphatic metastasis, frequently occurs in GC, few patients can be completely cured by surgery (5) . Hence, the early diagnosis and treatment of gastric cancer are very necessary. Currently, biomarkers and regular clinicopathological parameters that can predict prognosis are limited; hence, few effective treatment options are available (6) .
Fibrinogen-like-protein 1 (FGL1, also called FREP1 or hepassocin), a member of the fibrinogen family, is expressed mainly in the liver and was first cloned from human hepatocellular carcinoma (7, 8) . Previous studies have demonstrated that the expression of FGL1 was increased in the regenerated liver and could stimulate 3H-thymidine uptake in primary hepatocytes which implied that FGL1 facilitate hepatocyte proliferation (9) . Moreover, recombinant FGL1 protected against liver injury in rats with fulminant hepatic failure (10) . These observations suggest that FGL1 plays a role in liver regeneration and liver protection. In addition to its expression in the liver, FGL1 expression has also been reported in adipose tissue (8) . Until now, no research has investigated FGL1 expression in GC tissues, and the role of FGL1 in GC remains large unclear.
In this study, we investigated the correlation between FGL1 expression and prognosis in GC patients. Besides, the effect of FGL1 on GC SGC-7901 cell proliferation, invasion and migration were also explored by silencing FGL1. Furthermore, the involvement of FGL1 in EMT regulation in SGC-7901 cells was determined by analyzing the expression of EMT markers using western blot. Our results indicated that high FGL1 expression was correlated with poor prognosis of GC patients and silencing FGL1 could inhibit SGC-7901 cell proliferation, invasion and migration. Cell culture. The Human Gastric cancer cell lines BGC-823, SGC-7901 and human gastric normal epithelial mucosa cell line GES-1 were all purchased from the Chinese Academy of Sciences and cultured in RPMI-1640 medium (Hyclone, USA) added with 10% serum, 100 U/ml penicillin, and 0.1 mg/ml streptomycin at 37˚C with 5% CO 2 . When cells growing into the logarithmic growth phase, single cell suspensions were prepared using trypsin (Solarbio, Beijing, China) and inoculated into 6-well plate for the subsequent tests.
Materials and methods

Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted using Ultrapure RNA kit (CwBio, Beijing, China) following the manufacturer's description. HiFiScript cDNA Synthesis kit (CwBio, Beijing, China) was used to perform RT-PCR to synthesize cDNA. Then the cDNA was used as template to perform qPCR. GAPDH was used as an internal reference gene. The following primer sequences were used: FGL1 forward, 5'-GCA AGG AGT CTG CTT CTG CT-3' and reverse, 5'-TGC CAT GTT CCC CCT TGA AA-3'; and GAPDH forward 5'-GGA GCG AGA TCC CTC CAA AAT-3', reverse 5'-GGC TGT TGT CAT ACT TCT CAT GG-3' (Genewiz, Beijing, China). qPCR was performed using SYBR Premix Ex Taq II kit (Takara Biotechnology Co., Ltd., Dalian, China) and carried out in a ABI 7500 system (Applied Biosystems, Carlsbad, CA, USA). qPCR procedure was as follows: 95˚C for 5 min, followed by 40 cycles of 5 sec at 95˚C, 34 sec at 60˚C, and then 72˚C for 30 min. All experiments were performed in triplicate and repeated for independently 3 times. The relative expression level of TGFBI was calculated using the 2-∆∆Cq method (11) .
Transfection. Transfection was performed using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). When the cells in the 6-well plate grew to logarithmic period, the media was replaced with fresh complete culture medium 2 h before transfection. Cells were transfected with either FGL1 siRNA (siRNA1: 5'-AGG UGU UCA GUU UCA UCC U-3' or siRNA2: 5'-ACA GCA ACA GGU CAA GAUC-3') or scramble siRNA (5'-CUA GAA CUG GAC AAC GACA-3') following manufacturer's procedure. After incubating the transfected cells in the incubator for 6 h, the medium was replaced with complete medium. Forty eight h later, the inhibitory efficiency of these siRNAs was verified by RT-qPCR and western blot assay, and the most effective siRNA were used for the following functional experiments.
Cell proliferation assay. After being transfected for 48 h, cell suspensions were prepared and inoculated into 96-well plate with 1,000 cells for each well followed by culturing in a carbon dioxide incubator. The viability of cells were tested every 24 h by adding 10 µl CCK8 chemicals (Solarbio), incubating at 37˚C for 1.5 h and detecting the optical density (OD) at 450 nm. The proliferation curves were drawn using Graph Pad Prism 5.
Colony formation assay. Single cell suspensions were prepared after transfected for 48 h. And cells were plated in a 60 mm dish (500 cells/dish) containing 5 ml culture medium. The dish was maintained at 37˚C with 5% CO 2 and saturated humidity 10 (20) for 14 days. The experimental group was supplemented with 1 ml of the supernatant liquid every 2-3 days and the control group with the same amount of PBS. The cultivation will be terminated when macroscopic colonies appeared in the dish. After removing the supernatant, the colonies were carefully washed by PBS. Then cells were fixed with 4% paraformaldehyde for 30 min followed by staining with 0.1% crystal violet for 30 min. Next the dyes were washed using the running water and the number of clones was counted directly. All tests were performed in triplicate.
Wound healing assay. We performed wound healing assay to investigate the effect of FGL1 on SGC-7901 cell migration. Cell suspensions were prepared and seeded into 6-well plate with about 5x10 5 cells/well. After cultured for 24 h, a 200 ml micropipette tip was used to make the wounds. The widths of the wounds were photographed after 0 and 24 h scratching using an optical microscope (Olympus Corporation, Tokyo, Japan). The relative wounds of SGC-7901 cells transfected with FGL1 siRNA or scramble siRNA at 24 h were compared to the accordingly wounds at 0 h.
Transwell invasion and migration assay.
To further determine the role of FGL1 in cell invasion and migration, Transwell assays were performed. Transwell invasion chambers coated with Matrigel (100 µl, diluted with serum-free medium at a ratio of 1:6) (BD Biosciences, Franklin Lakes, NJ, USA) was used to perform the invasion assays. Cell suspensions were prepared using serum-free medium after transfected for 24 h and transferred to the up chamber (1x10 5 cells/well). Then 500 µl of complete medium were added to the lower chamber. After incubating at 37˚C for 24 h, the chamber was taken out, and the invaded cells were stained by 0.1% crystal violet stain. Then the number of the invaded cells was counted under a light microscope. Transwell migration assay was similar with Transwell invasion assay, but Matrigel was not needed and 5,000 cells were added to each well.
Western blot. After transfected for 48 h, total protein were extracted using RIPA lysate supplemented with protease inhibitor. The proteins were heated at 95˚C for 5 min and separated by 10% SDS-PAGE. Then proteins on the gel were electric transferred to a PVDF membrane (Millipore, Bedford, MA) and blocked in 5% skimmed milk for 1 h. Subsequently, the membrane was incubated with the primary anti-body at 4˚C overnight followed by washing with TBST for 3x5 min. Then the membrane was incubated with the secondary anti-body for 1 h and washed with TBST for 3x5 min. Enhanced chemiluminescence (ECL) plus detection kit (Thermo Fisher Scientific, Inc.) was used to detect signals of the protein. Quantity One software was used to perform the densitometric analysis of the bands. GAPDH was used as an intrinsic quality control. The ratio of the target protein to the internal reference protein is considered as the relative expression level.
Statistical analysis. The correlation between FGL1 expression and clinicopathological features were assessed using Chi-square (χ 2 ) test. The survival curve was drawn using Kaplan-Meier method and the difference between groups was assessed by log-rank test. The median of FGL1 expression was used to divide the samples into high and low expression groups. The prognostic role of FGL1 in gastric adenocarcinoma was assessed using univariate and multivariate Cox proportional hazards analysis. SPSS 15.0 software (SPSS, Inc., Chicago, IL, USA) was used to perform the statistical analysis. The mean of multiple samples was compared using one-way analysis of variance analysis followed by Dunnett's post hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results
FGL1 was upregulated in gastric cancer tissues and associated with poor prognosis.
Firstly, the expression of FGL1 was analyzed based on the data downloaded from TCGA database. As shown in Fig. 1A , the expression of FGL1 was significantly increased in gastric cancer tissues compared with the normal tissues (P<0.001). Then the expression of FGL1 of 50 patients in the gastric cancer tissues and the corresponding adjacent tissues were analyzed by qPCR and western blotting. We found that the expression of FGL1 in GC tissues were obviously higher than that in the adjacent tissues at both mRNA and protein levels (P<0.001, Fig. 1B and C) .
In order to further investigate the role of FGL1 in GC, the correlation of FGL1 expression with clinicopathological features was analyzed using Chi-square (χ 2 ) test (Table II) . The 50 samples were divided into high expression and low expression groups according to the median of FGL1 expression. The results showed that high expression of FGL1 was positive correlated with higher histological grade (P= 0.041), advanced pathologic-stage (P=0.023) and Lymph node metastasis (P= 0.021). Whereas, no significant association between FGL1 expression and age, sex, pathologic-T, or pathologic-M was observed. These data indicated that the upregulation of FGL1 expression maybe involve in malignant development of GC.
Subsequently, we analyzed the correlation between FGL1 expression and prognosis of the 50 GC patients. The survival curve showed that the overall survival rate (%) was significantly different between low expression and high expression groups (P<0.01) and high FGL1 expression was often associated with poor prognosis (Fig. 1D) . To investigate whether FGL1 can serve as an independent predictor of gastric adenocarcinoma prognosis, univariate and multivariate Cox proportional hazards analyses was performed on 50 samples (Table III) . Univariate analysis found that FGL1 expression, pathologic-M, pathologic-N and histological grade were obviously related to the overall survival of GC patients (P<0.05). Multivariate analysis further demonstrated that FGL1 expression, pathologic-M and pathologic-N can serve as independent predictors of poor prognosis in GC patients (P<0.05). These data suggested that FGL1 possess the potential to serve as a marker for the prognosis of GC patients.
Knockdown of FGL1 suppresses GC cell proliferation.
In order to further investigate the expression level of FGL1 in gastric cancer cell lines, qPCR was performed on gastric cancer cell line BGC-823, SGC-7901 and human gastric normal epithelial mucosa cell line GES-1. We found that the expression of FGL1 in BGC-823 and SGC-7901 cells were significantly upregulated compared with that in GES-1 cells (P<0.01, Fig. 2A ). Since the expression of FGL1 in SGC-7901 cells was higher than that in BGC-823, we used SGC-7901 cells to perform subsequent experiments. SGC-7901 cells were transfected with either FGL1 siRNA1 or FGL1 siRNA2, or scramble siRNA. After transfected for 24 h, the expression of FGL1 in SGC-7901 cells transfected with FGL1 siRNA1 decreased significantly compared with the control both at RNA level (P<0.01, Fig. 2B ) and at protein level (P<0.01, Fig. 4C and D) . While the level of FGL1 was almost not changed in SGC-7901 cells transfected with FGL1 siRNA2 (Fig. 4) . Hence cells transfected with FGL1 siRNA1 were used for next experiments.
We explored the effect of FGL1 siRNA 1 on SGC-7901 cell proliferation by CCK8 assay and colony formation assay. We found that the OD value was significantly lower after transfected with FGL1 siRNA1 (siFGL1) for 72 and 96 h compared with the cells transfected with scramble siRNA (si-con) (P<0.01, Fig. 3A ). These data indicated that, siFGL1 played an inhibitory role in SGC-7901 cell proliferation. These results were further confirmed by the colony formation assay. As shown in Fig. 3B and C, knockdown of FGL1 significantly reduced the colony formation rate of SGC-7901 cells (P<0.01). 
Knockdown of FGL1 suppressed SGC-7901 cell migration and invasion.
To assess the effect of FGL1 on SGC-7901 cell migration, scratch wound healing assay and Transwell migration assay were utilized. Compared with the control group, a narrower migratory distance was observed after silencing of FGL1 (P<0.01, Fig. 4A and B) . We also identified that knockdown of FGL1 obviously reduced the number of migrated SGC-7901 cells (P<0.01, Fig. 4C and D) . These data indicated that FGL1 play a promoting role in SGC-7901 cell migration.
The invasion ability of SGC-7901 cells was tested using Transwell invasion assay. As shown in Fig. 4C and D, the number of invaded cells in siFGL1 group declined remarkably compared with the si-con group (P<0.01). These results demonstrated that FGL1 also have a promoting effect on SGC-7901 cell invasion.
FGL1 involved in the regulation of epithelial to mesenchymal transitions in SGC-7901 cells. Epithelial to mesenchymal transitions (EMT) is a process that epithelial cells transform into mesenchymal cells under physiological or pathological
conditions, which allows for cell movement. We further explored the effects of FGL1 on EMT of SGC-7901 cells. 
Univariate analysis
Multivariate analysis Morphological observation found that cells in si-con group include spindle-shaped cells, while cells with depleting FGL1 were pebble-alike (Fig. 5A) . Western blot analysis showed that knock down of FGL1 lead to an obviously increase in E-cadherin expression (P<0.01) and a significant decrease in N-cadherin (P<0.01) and Vimentin expression (P<0.01) compared with the si-con group (Fig. 5B and C) . These results implied that FGL1 was indeed involved in the regulation of EMT in SGC-7901 cells.
Discussion
This study aimed to elucidate the role of FGL1 in GC. We identified that FGL1 was upregulated in GC tissues and high FGL1 expression was significantly correlated with poor prognosis. Moreover, an inhibitory effect on SGC-7901 cell proliferation, invasion and migration was observed after silencing FGL1.
Previous studies of FGL1, have mainly focused on its role in stimulating tritiated thymidine uptake into hepatocytes, rescuing animals from liver failure (9, 10, 12) . Demchev et al (8) have reported that FGL1 was also expressed in brown adipose tissue and the expression was enhanced following liver injury, suggesting a correlation between the injured liver and adipose tissues. Further experiments indicated that FGL1 plays a role in metabolism and liver regeneration (8) . At the present study, we reported the upregulation of FGL1 in GC at the first time, indicating FGL1 may be a promotor of GC. While, it has been reported that the level of FGL1 in hepatocellular carcinoma (HCC) was downregulated and it may serves as a tumor inhibitor in HCC through an Akt dependent mechanism (13, 14) . These difference indicating that FGL1 may be either up regulated or downregulated depending on the cancer type.
To further explore the clinical value of FGL1, the relationship between FGL1 expression and the clinical and pathological factors of GC was analyzed. Our results suggested that FGL1 was obviously correlated with histological grade, pathologic-stage and Lymph node metastasis. However, no significant associations between FGL1 the following factors, including age, sex, pathologic-T, or pathologic-M were found. Simultaneously, we identified that high expression of FGL1, pathologic-M and pathologic-N can serve as independent prognostic risk factors in GC.
In order to investigate the biological effect of FGL1 in GC cell lines, we performed siRNA knockdown of FGL1 in SGC-7901 cells. By colony formation assay and CCK8 assay, we found that silencing FGL1 significantly suppressed SGC-7901 cell proliferation (P<0.01). Furthermore, the results of wound healing assay and Transwell invasion and migration assay indicated that knockdown of FGL1 obviously decreased SGC-7901 cell invasion and migration (P<0.01) in vitro. These observations indicated that FGL1 was probably an oncogene which play a promoting role in GC cell proliferation, invasion and migration. Furthermore, these results confirmed that high expression of FGL1 was correlated with poor prognosis in GC patients.
EMT has been widely recognized as an indispensable member in tumor invasion and metastasis (15, 16) . E-cadherin, N-cadherin and Vimentin are important markers of EMT (17) (18) (19) . Loss of E-cadherin, an important feature of EMT, has been identified to relate to invasive and undifferentiated phenotype in many types of tumors (19) (20) (21) . Upregulated expression of N-cadherin and Vimentin was also a key characterization of EMT (22, 23) . In the present study, we found that the expression of E-cadherin was significantly upregulated and the levels of N-cadherin and Vimentin were downregulated obviously in SGC-7901 cells after knocking down of FGL1. This result indicated that FGL1 played a promoting role in tumor invasion and metastasis and further confirmed the results we obtained in cell migration and invasion assays. Moreover, this is the first time to demonstrate that FGL1 could regulate EMT.
In summary, our results demonstrated that the expression of FGL1 was upregulated in GC tissues as well as GC cell lines, and high expression of FGL1 can serve as an independent predictor of poor prognosis for GC patients. Silencing FGL1 lead to an inhibitory effect on GC cell proliferation, migration and invasion. Our results suggested that FGL1 has the potential to be a predictor of prognosis in GC patients as well as a target for the treatment of GC.
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